SUMMARY 28
In marine fish, high epithelial bicarbonate secretion by the intestine generates luminal 29 carbonate precipitates of divalent cations that play a key role in water and ion 30 homeostasis. In vitro studies highlight the involvement of the calciotropic hormones 31
PTHrP (Parathyroid hormone related protein) and stanniocalcin (STC) in the regulation 32 of epithelial bicarbonate transport. The present study tests the hypothesis that 33 calciotropic hormones have a regulatory role in carbonate precipitate formation in vivo. 34
To test this hypothesis sea bream (Sparus aurata) juveniles received single 35 intraperitoneal injections of piscine PTHrP(1-34), the PTH/PTHrP receptor antagonist 36 PTHrP(7-34), purified sea bream STC or were passively immunized with polyclonal 37 rabbit antisera raised against sea bream STC (STCAb). Endocrine effects on the 38 expression of the basolateral sodium bicarbonate co-transporter (Slc4a4.A), the apical 39 anion exchangers (Slc26a6.A and Slc26a3.B) and the V-type proton pump beta subunit 40 
INTRODUCTION 58
Marine teleosts sustain an ionic equilibrium with seawater to keep their plasma 59 osmolality within narrow limits. To achieve this, the gills remove excess salts from the 60 body (Evans et al., 2005) , in a secretion process that indirectly causes water loss. 61 Therefore, water replacement by drinking becomes essential to sustain ion regulation 62 (Fuentes and Eddy, 1997a) . In addition to regulation of the amount of water ingested by 63 endocrine and environmental factors (Fuentes et al., 1996; Fuentes and Eddy, 1997a; 64 Fuentes and Eddy, 1997b; Guerreiro et al., 2004; Guerreiro et al., 2001) , the processing 65 of imbibed fluid has a major impact in fish ion regulation. Ingested water is first 66 processed in the esophagus where it undergoes selective absorption of NaCl (Hirano 67 and Mayer-Gostan, 1976; Parmelee and Renfro, 1983) , which lowers fluid osmolality, 68
and is believed to enhance water absorption in the intestine. 69
Essential to intestinal fluid processing, and thus intestinal water absorption, is the 70 production of luminal divalent carbonate precipitates in marine teleosts (Grosell, 2006; 71 Grosell, 2011; Kurita et al., 2008; Walsh et al., 1991; Wilson et al., 2002) . Luminal 72 precipitate formation requires high concentrations of divalent ions and a chemically 73 favorable high pH. The high divalent ion content required for precipitate formation is 74 supplied by the high calcium content of imbibed seawater, that reaches the intestine in a 75 concentration range that varies between 3-15 mM depending on the species (Fuentes et 76 al., 2006; Genz et al., 2011; Grosell et al., 2001; Wilson et al., 2002) . The alkaline pH 77 of the luminal fluid that provides a favorable chemical environment for carbonate 78 precipitation results from high rates of epithelial HCO 3 -secretion by the enterocytes 79 (Grosell, 2006; Grosell, 2011) 80 Mechanisms for epithelial HCO 3 -secretion are dependent on luminal Cl -and involve 81 apical Cl -/HCO 3 -exchangers (Ando and Subramanyan, 1990; Grosell et al., 2005; 82 Wilson et al., 1996) , in particular, members of the SLC26 family, that secrete HCO 3 -83 and absorb Cl - (Grosell and Genz, 2006; Grosell et al., 2009b; Kurita et al., 2008) . In 84 addition to apical mechanisms, a basolateral Na + -HCO 3 -co-transporter (NBC), which 85 belongs to the SLC4 gene family, leads to accumulation of cellular HCO 3 -to fuel apical 86 secretion (Kurita et al., 2008; Taylor et al., 2010) . Furthermore, a Bafilomycin-sensitive 87 H + pump participates in the regulation of apical HCO 3 -secretion in seawater adapted 88 rainbow trout and Gulf toadfish (Grosell et al., 2009a; Guffey et al., 2011) and is also 89 the immunoreactive band under denaturing reducing conditions is 3 kDa smaller that the 122 purified STC (26kDa). This apparent disparity in size is likely related to the removal of 123 the signal peptides of 30 amino acids in the N-terminus of stanniocalcin as previously 124 described for other fish species (Amemiya et al., 2006; Amemiya et al., 2002) . Pre-125 absorption of the sea bream anti-STC sera with a protein extract of isolated Stannius 126 corpuscles ablated the immunoreactive band obtained in western blots of serum and 127 purified STC and confirms antisera specificity. 
Plasma calcium 137
Intra-peritoneal injections of PTHrP(1-34) alone, STC antisera alone or a combination 138 of both treatments induced comparable significant increases in circulating plasma 139 calcium in sea bream juveniles 24 hours post-injection ( Figure 3A) . 140
Intra-peritoneal injections of the PTHrP receptor antagonist PTHrP(7-34) alone or STC 141 alone resulted in absolute plasma calcium levels lower than those of the controls, but the 142 effect was not significant ( Figure 3B ). However, intra-peritoneal injection of PTHrP(7-143 34) and STC combined as a single treatment significantly reduced plasma calcium in 144 sea bream juveniles ( Figure 3B) . 145 qPCR 146
Intra-peritoneal injections of PTHrP(1-34) alone, STC antisera alone or a combination 147 of both treatments induced comparable significant decreases in the expression of all 148 genes analyzed i.e. SLC4a4, Atp6v1b, SLC26a3 and SLC26a6 in the anterior intestine 149 of sea bream juveniles 24 hours post-injection (Figure 4) . 150
Intra-peritoneal injections of the PTHrP receptor antagonist PTHrP(7-34) alone or in 151 combination with STC resulted in a significant increase in the expression of SLC4a4, 152 
DISCUSSION 171
The present study establishes in vivo effects of the calciotropic hormones, PTHrP and 172 STC, on the mechanisms of carbonate precipitation in the sea bream intestine. This 173 claim is based on the fact that the hypercalcemic or hypocalcemic factors: 1) regulate in 174 a reproducible manner key molecular mechanisms involved in the epithelial HCO 3 -175 secretion cascade; 2) the regulatory effect is predictable; and 3) they modify luminal 176 intestinal bicarbonate/carbonate contents both in the intestinal fluid and the precipitate 177
fraction. 178
In a previous study (Fuentes et al., 2010) However, a previous study in tilapia (Fenwick and Flik, 1995) will be required to establish why STC administration failed to modify SLC26a6 and 222
SCL26a3 expression but it may be related to the dose of STC given or the already high 223 levels of STC detected in fish plasma (Mayer-Gostan et al., 1992) . 
METHODS AND TECHNIQUES 282

Peptides and chemicals 283
In vivo and in vitro PTHrP(1-34) and PTHrP(7-34) bioactivity has been previously 284 reported in fish (Canario et al., 2006; Fuentes et al., 2006; Fuentes et al., 2007a; Fuentes 285 et al., 2007b; Guerreiro et al., 2001; Rotllant et al., 2005) . Stanniocalcin (STC) was 286 purified from the sea bream Stannius corpuscles and bioactivity has been confirmed 287 using in vitro Ussing type chambers (Fuentes et al., 2010) . All chemicals were of the 288 highest grade and obtained from Sigma-Aldrich (Madrid, Spain) unless stated otherwise. 
2007a). 365
After injection fish were transferred to 60 L tanks with flowing seawater for recovery. 366
Twenty-four hours after injection fish were anesthetized with a terminal dose of 2-367 phenoxyethanol (1:1,000) and blood samples were collected into heparinized glass 368 capillaries from the caudal peduncle after severing the tail. Plasma was obtained by 369 centrifugation of whole blood (10,000 rpm for 5 min), and stored at -20°C for later 370
analysis. 371
After decapitation of fish samples from the anterior intestine, which corresponds to a 372 section 1-1.5 cm in length caudal to the point of insertion of pyloric caeca, were 373 collected from individual fish and incubated overnight in RNALater (Ambion, Austin, 374 TX, USA) at 4ºC and stored at -20ºC until utilized for RNA extraction (within 2 weeks). 375
Plasma calcium levels were determined in duplicate using a commercial calcium kit 376 (Spinreact, Girona, Spain) with a Benchmark Microplate Reader (Bio-Rad, USA). 377
Total RNA was extracted from samples of the anterior intestine with a Total RNA Kit I 378 (E.Z.N.A, Omega Bio-tek, Norcross, GA, USA) and the quantity and quality of RNA 379 assessed (Nanodrop 1000, Thermo Scientific, Waltham, MA, USA). Prior to cDNA 380 synthesis RNA was treated with DNase using a DNA-free Kit (Ambion, Austin, TX, 381 USA) following the manufacturer's instructions. Reverse transcription of RNA into 382 cDNA was carried out using the RevertAid First Strand cDNA Synthesis Kit 383 (Fermentas, Thermo Scientific) with 500 ng of total RNA in a reaction volume of 20 μl. 384 Primers and reaction conditions followed those previously described (Ferlazzo et al., 385 2012; Gregorio et al., 2013) . Table 1 shows primer sequences and predicted amplicon 386 sizes. Real-time qPCR amplifications were performed in duplicate in a final volume of 387 10 µl with 5 µl SsoFast EvaGreen Supermix (Bio-Rad, Hercules, CA, USA) as the 388 reporter dye, 20 ng cDNA, and 0.5 pM/μl of each forward and reverse primers. 389
Amplifications were performed in 96-well plates using the One-step Plus sequence 390 detection system (Applied Biosystems, Foster City, CA, USA) with the following 391 protocol: denaturation and enzyme activation step at 95°C for 2 min, followed by 40 392 cycles of 95°C for 5 sec and 60°C for 10 sec. After the amplification phase, a 393 temperature-determining dissociation step was carried out at 65°C for 15 s, and 95°C 394 for 15 s. For normalization of cDNA loading, all samples were run in parallel using 18S 395 ribosomal RNA (18S). To estimate efficiencies, a standard curve was generated for each 396 primer pair from 10-fold serial dilutions (from 10 to 0.001 ng) from a cDNA pool that 397 included all samples. Standard curves represented the cycle threshold value as a 398 function of the logarithm of the number of copies generated, defined arbitrarily as one 399 copy for the most diluted standard. All calibration curves exhibited correlation 400 coefficients R 2 >0.98, and the corresponding real-time PCR efficiencies were >99%. 401
402
Endocrine effects on intestinal contents 403
The experiment was designed to test the effect of PTHrP (1-34), PTHrP (7- Twenty-four hours after treatment, fish were anesthetized with 2-phenoxyethanol 413
(1:1000) and decapitated. The intestinal fluid of individual fish was collected from the 414 excised intestinal tract clamped (from pyloric caeca to anal sphincter) with two 415 mosquito forceps, and emptied into pre-weighed vials and centrifuged (12,000g, 5 min) 416 to separate fluid from precipitate. 417
The intestinal fluid was transferred to pre-weighted vials and volume measured to the 418 nearest 0.1 μl (0.1 mg assuming a density of 1). Intestinal fluid titrable alkalinity 419 (HCO 3 -+ CO 3 2-) was manually measured using the double titration method and a 420 combination semi-micro pH electrode (HI1330B, Hanna Instruments) attached to a pH-421 meter (PHM84, Radiometer Copenhagen) as follows: 50 μl of the intestinal fluid 422 samples were diluted in 10 ml NaCl (40 mM), gassed with CO 2 -free gas for 30 min to 423 remove CO 2 and titrated to pH 3.8 with 10 mM HCl, an additional gassing period of 20 424 min was applied to remove any remaining CO 2 and the sample was back titrated to its 425 original pH with 10 mM NaOH. The volume difference between added acid and base in 426 both titrations and titrant molarities were used to calculate total HCO 3 -equivalents 427 (mEquiv/l). Intestinal precipitates were re-suspended in 400 μl of triple distilled water, 428 homogenized with a glass in glass homogenizer and a 100 μl aliquot was double titrated 429 as described for the intestinal fluid and normalized by fish mass and expressed as nEq/g. 430
431
Statistics 432
All results are shown as mean ± standard error of the mean (Mean ± SEM). After 433 assessing homogeneity of variance and normality statistical analysis of the data was 434 carried out using as appropriate Student t-test or one-way analysis of variance followed 435 by the post hoc Bonferroni test to establish differences from control groups. All 436 statistical analyses were performed using GraphPad Prism version 5.00 for Macintosh 437 (GraphPad Software, San Diego, CA, USA 
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